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interest from the theoretical point of view but it is a problem of very small,
if of any, practical interest.1

On the other hand, the solution of the third question which we have set
ourselves presents a very great practical as well as theoretical impor-
tance. This is the establishment of the part played directly in the process of
cementation by .the various gases and that played, directly or indirectly, by
the free carbon when the gases and the carbon act simultaneously, and in what
way the two groups of substances (the solid cement with carbon as base and
the gases), acting simultaneously, reciprocally modify each other's specific
action.

To treat such a complex problem it is first necessary to examine, at least
briefly, the behavior, in the presence of iron and of free carbon, of the individ-
ual gases which may be active in the processes in practical use. And, indeed,
this examination furnishes the answer to our question for the most frequent
cases.

Of the gases which may take part in cementation carried out by the usual
processes, let us begin by considering free nitrogen. In all cementations
carried out with solid cements there is necessarily present the nitrogen of the
air contained in the cementation boxes.

We have already seen (see p. 7) how Fremy's hypothesis that nitrogen
acts directly on iron, simply "nitrogenizing" it and transforming it into steel,
was quickly shown to be false by the experiments of Caron.

Later (see p. 26), Hempel maintained, on the basis of careful experi-
ments, that carbon in the presence of pure nitrogen freed from the smallest
traces of oxygen can not cement iron. Considerably more recently, Le Chat-
elier (seep. 58) held that in the usual processes of cementation nitrogen is the
agent which transports the carbon into the mass of the iron. In reality, all the
more recent and more precise experiments show that during cementation the
nitrogen may diffuse in small amounts into the iron (see p. 139). This may
be the cause, as Le Chatelier suggested, of the increase in brittleness some-
times observed in those parts of the steel subjected to cementation which the
carburization had not even reached. It is however now certain that the
presence of pure nitrogen does not increase except to a minimum extent the
carburizing action of free carbon. The cemented zones which are obtained
by the simultaneous action of carbon and nitrogen are in particular (see p. 121)
characterized by a very low carbon concentration.2 The explanation of this

1 For this reason it seems to me that there is no justification for the observation of
Guillet, who, in reporting some of his communications presented before the Congress of
Metallurgy of Diisseldorf (see Butt, de la Soc, des Ing. Civils de France, October, 1910),
asserts that it would be of extraordinary importance for technology to establish with
certainty whether carbon alone can cement iron without the intervention of gases.

2 This explains, when we consider my explanation of the erroneous conclusions drawn
by  Caron in connection with the carburizing action of carbon monoxide, why Caron
asserted that carbon in an atmosphere of pure nitrogen can not cement iron.